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Chapter-I

1.	Total Synthesis of Stagonolides A and B
Stagonospora crisii (a pathogen of Crisium arvense) is a perennial noxious weed, produces six phytotoxic metabolites, these are known as stagonolides. Structurally stagonolide A and B are very similar to those of herbarumins, phytotoxins with potential herbicidal activity isolated from Phoma herbarum. The initial structural and sterochemical assignment of stagonolide-A was established by Berestetskiy et al. Stagonolide-B was established by Evidente et al by spectral studies, further Ramana et al established the structure by total synthesis and x-ray analysis. Stagonolide-A is showing very good phytotoxic activity compare with other stagonolides
Chemo-enzymatic and covergent synthesis of stagonolide B and synthesis of stagonolide A, a phytotoxic ten membered lactone has been achieved starting from D-ribose with an overall yield 25.02% and 8.67%. The synthesis contained simple steps in developing three centers key intermediate. Enzymatic (Novozyme-435) resolution of propargylic alcohol followed by esterification and RCM.
















Scheme-1. Retro synthesis
As outlined in scheme 2, the intermediate 7 was prepared from D-ribose, following the literature procedure the D-ribose protected with acetonide and methylation at anomeric hydroxyl group was prepared in one pot to give compound 4 in 91% yield. The compound 4 was reacted with iodine in the presence of triphenyl phosphine and imidazole at reflux temperature to give iodo compound 5 in 95% yield, which was reacted with Zn in ethanol to give a low boiling ‘Vasella’ intermediate 6 in 89% yield. Compound 6 without purification was reacted with n-propyl magnesium bromide to give compound 7 (anti : syn :: 81 : 19) in 79% yield. The required anti isomer was chromatographically purified to yield 7 in 79% yield.









Scheme 2. Reagents and conditions: (a) 2,2-dimethoxy propane, acetone, HClO4, methanol, 4 h, 91%; (b) I2, PPh3, imidazole, toluene, 2 h, 72%; (c) Zn, EtOH, 90 oC, 89%; (d) n-propyl magnesium bromide, dry THF, 0 oC, 79%.

Now 1, 4-butane diol was protected with benzyl bromide to give benzyl ether 9 in 95% yield, and the primary alcohol in benzyl protected butanol 9 was oxidized with pyridinium chloro chromate to give compound 10 in 92% yield, which was reacted with ethynyl magnesium bromide in tetrahydrofuran to give racemic propargylic alcohol 11 in 82% yield. Following the literature procedure, we have carriedout chemo enzymatic (Novozyme-435) resolution of compound 11 using vinylacetate in diisopropyl ether to give compound 12(R) (53% yield, 80% ee) and acetylated compound 12(S) (45% yield, 90%ee). Partially hydrogenation compound 12(R) using Lindlar catalyst (palladium in CaCO3, poisoned with Pb) in ethyl acetate resulted compound 13 in 86% yield, and the secondary alcohol in compound 13 was protected with methoxy methyl chloride (MOM-Cl) using N,N-Diisopropylethylamine (DIPEA) in dichloromethane to give compound 14 in 94% yield. The debenzylation of compound 14 was carriedout with Li-naphthalenide in dry THF at –25 oC to give compound 15 in 82% yield, which was oxidized with IBX to afford aldehyde 16 in 94% yield and further oxidation of 16 with NaClO2 and NaH2PO4.2H2O afforded the acid 17 in 98% yield.(Scheme 3) 
Now the acid compound 17 was esterified with previously prepared compound 7 in the presence of DCC and DMAP in dry dichloro methane to give ester compound 18 in 65% yield, which was subjected to ring closure metathesis (RCM) using Grubbs II generation catalyst led to the protected lactone 19 in 65% (required E-isomer). The RCM reaction was very smooth and MOM protection did not hinder the formation of RCM product 19. The removal of acetonide protection and MOM protection groups was carriedout using trifluoro acetic acid to give stagonolide B in 91% yield.(Scheme 3) 

 














Scheme 3. Reagents and conditions: (a) BnBr, NaH, dry THF, 0 oC, 5 h, 95%; (b) PCC, DCM, rt, 1 h, 92%; (c) C2HMgBr, dry THF, 0 oC, 5 h, 82%; (d) vinyl acetate, Novozyme-435, diisopropyl ether, rt, 2 h, 54%; (e) Lindlar catalyst, quinoline, ethyl acetate 2 h, 86%; (f) MOM-Cl, DIPEA, DCM, rt, 4 h, 94%; (g) Li-metal, Naphthalene, dry THF, -25 oC, 4 h, 82%; (h) IBX, DMSO, DCM, rt, 4 h, 94%; (i) NaClO2, NaH2PO4.2H2O, DMSO, H2O, rt, 1 h, 98%; (j) DCC, DMAP, DCM, rt, 12 h, 65%; (k) Grubbs II, DCM, 45 oC, 12 h, 65%; (l) TFA, 0 oC, 2 h, 90%.

The synthesis of stagonolide A was carriedout by esterification of 5-hexenoic acid with previously prepared compound 7 in the presence of DCC and DMAP resulted to afford compound ester 20 in 95% yield. The ring closure metathesis (RCM) of compound 20 using Grubbs I generation catalyst led to the protected lactone 21 in 80% yield (required E-isomer). The acetonide protection group in compound 21 was carriedout using trifluoro acetic acid (TFA) to give compound 22 in 90% yield, which was oxidized with MnO2 to afford stagonolide A (1) 1 in 82% yield.(Scheme 4). The physical and spectral data of synthetically prepared stagonolide A and B were identical with those of the natural products.








Scheme 4. Reagents and conditions: (a) DCC, DMAP, DCM, rt, 12 h, 95%; (b) Grubbs I, DCM, 45 oC, 8 h, 80%; (c) TFA, 0 oC, 2 h, 90%; (d) MnO2, DCM, rt, 12 h, 82%.

In conclusion, we reported a simple and economic route for the total synthesis of stagonolide A and B from D-ribose with an over all yields 25.02% and 8.67%. 
Chapter-II: Section-A

2.  Asymmetric Synthesis of a sex pheromone (3S,5R,6S)-3,5-dimethyl-   
     6-isopropyl-3,4,5,6-tetrahydropyran-2-one
The insect sex pheromone (3S,5R,6S)-3,5-dimethyl-6-isopropyl-3,4,5,6-tetrahydropyran-2-one secreted by Macrocentrus grandii, controls the population of European corn borer Ostrinia nubilalis, in an environmentally friendly way to solve agricultural problems. Compound (23) is one of the three components of the pheromone mixture and was synthesized. Lactone rings are the most important structural feature of many natural products and it is very important core moiety in many biologically important macrolide molecules like methynolide, neomethymycin, methymycin, narbomycin, picromycin and a number of microbial macrolide antibiotics. This particular sex pheromone was first isolated in 1992 from larval parasitoid Macrocentrus grandii.

An Oppolzer anti-aldol approach for the synthesis of the sex pheromone (3S,5R,6S)-3,5-dimethyl-6-isopropyl-3,4,5,6-tetrahydropyran-2-one.







Scheme-5. Retro synthesis

The stereoselective synthesis of 23 was carried out, as shown in Scheme 5. Thus, the N-propionylbornane-10, 2-sultam (24) was subjected to asymmetric aldol reaction with isobutyraldehyde at -78 0C to afford the anti-aldol product 25 in 75.3% yield with (de = 84%) and confirmed by the 1H-NMR and optical rotation. Reductive cleavage of anti-aldol product 25 with LAH gave the 1,3-diol (26) in 92% yield. The primary hydroxyl group in 26 was selectively tosylated by using TsCl, Bu2SnO, and triethylamine in dichloromethane to afford tosylated compound 27 in 90% yield.  The tosyl group in 27 was replaced by iodine by reacting with NaI in acetone to yield iodo alcohol 28 in 92% yield. Now, the compound 28 was propionylated with propionyl chloride in the presence of triethylamine and catalytic amount of DMAP in dry dichloromethane to afford ester 29 in 90% yield. The cyclisation of ester 29 in the presence of LHMDS and HMPA in dry THF gave the desired lactone 23 in 76% yield after column chromatography.(Scheme 6)




















Scheme 6. Reagents and conditions: (a) Isobutyraldehyde, TiCl4, iPr2EtN, dry DCM, 3 h, 75%; (b) LAH, dry ether, 2 h, 92%; (c) TsCl, TEA, Bu2SnO, DMAP, dry DCM, 5 h, 90%; (d) NaI, dry acetone, reflux, 2 h, 92%; (e) Propionyl chloride, TEA, DMAP, dry DCM, 3 h, 90%; (f) LHMDS (1.5M solution in THF), HMPA, dry THF, 5 h, 76%.

The analytical and spectroscopic data of the pheromone (23), as well as the specific rotation values were in agreement with the literature. All the compounds were fully characterized by 1H-NMR, 13C-NMR, mass and IR spectral data
In conclusion a simple, highly efficient Oppolzer anti-aldol condensation approach for total synthesis of pheromone (23) was developed with overall yield 39.2%.

Chapter-II, Section-B

3.  Asymmetric synthesis of Simplactone A and B

An asymmetric synthesis of simplactone A and B approaches oppolzer aldol reaction and short synthesis with overall yields 36.4% and 38.4% respectively.
Simplactones are pharmacologically active marine secondary metabolites isolated from the Caribbean sponge Plakortis simplex. Simplactones are having in vitro cytotoxic activity against WEHI 164, murine fibrosarcoma cells. Simplactone-A and simplactone-B were first isolated by Fatturusso`s group in 1999, stereochemically the structures revised by Ogasawara group from enatiomerically pure 4-cumyloxy-2-cyclopenten-1-one and asymmetrically synthesized by Olivo group through double diastereo selective acetate aldol reaction. Recently Kamal group and Rama Rao group reported synthesis of simplactone A and simplactone B, respectively. Structurally this type of lactones are showing very good activity and many biologically active compounds like mevinolin, massiolactone, compactin, pironetin, phomalactone and asperlin are having this type lactone moiety.









Scheme-7. Retro synthesis

The stereoselective synthesis of simplactone A and B was carried out, as shown in scheme 7. Thus the N-butanoylbornane-10,2-sultam (32) was subjected to asymmetric aldol reaction in two different conditions, when we carried the reaction 3.0 equiv. of PMB protected 3-hydroxypropanal (33), 3.0 equiv. of TiCl4 and 2.2 equiv. of di-isopropyl ethylamine, resulting product is anti product (34) as major (de 86% by chiral HPLC) with 84% yield (Scheme 8) and however, when reaction carried with 1.0 equiv. of PMB protected 3-hydroxypropanal, 1.0 equiv. of TiCl4 and 1.2 equiv. of diisopropyl ethylamine, resulted syn product (40) as major (de 94% by chiral HPLC) with 92% yield (Scheme 9). Hence we are reporting same route for the synthesis of simplactone isomers and this is the short synthesis for these two isomers.



Scheme-8: Reagents and conditions: a) TiCl4, DIPEA, dry DCM, -78°C, 3 h, 84%; b) LAH, dry ether, 0°C, 2 h, 95%; c) TBSOTf, 2,6-lutidine, dry DCM, 0°C, 1 h, 95%; d) DDQ, DCM : Water (9:1), 2 h, 89%; e) BAIB, TEMPO, dry DCM, 0°C – rt, 3 h, 90%; f) TBAF, THF, 0°C, 1 h, 90%; g) BAIB, TEMPO, dry DCM, 0°C – rt, 3 h, 89%. 


The anti aldol compound 34 further reacted with LAH in dry ether at 0 oC for 4 h, to give anti diol 36 in 95%yield (Scheme 8), in the same way the syn diol 41 was prepared with 95% yield (Scheme 9). The two hydroxyl groups in both isomers were protected with TBSOTf in the presence of 2,6-lutidine in dry DCM to give 37 (95%) and 42 in 95% yield, respectively. The p-methoxybenzyl  protecting group in compound 37 and 42 were removed using DDQ to give compound 38 in 89% yield and compound 43 in 90% yield, respectively. Further, compounds 37 and 43 were oxidized with iodobenzene diacetate and TEMPO (catalytic) in dry DCM to give compound 38 in 90% yield and compound 44 in 88% yield. The deprotection of TBS groups in compounds 38 and 44 was achieved using TBAF in dry THF to give lactols 39 and 45 in 90% yield. Finally, compound 39 and 45 were oxidised with iodobenzene diacetate and TEMPO (catalytic) in dry DCM at 0 oC to give required compounds 30 and 31 in good yield and formation of compounds 30 and 31 was established by study of IR, 1H, 13C, mass and optical rotation data.





Scheme-9 : Reagents and conditions: a) TiCl4, DIPEA, dry DCM, -78°C, 3 h, 92%; b) LAH, dry ether, 0°C, 2 h, 95%; c) TBSOTf, 2,6-lutidine, dry DCM, 0°C, 1 h, 95%; d) DDQ, DCM : Water (9:1), 2 h, 90%; e) BAIB, TEMPO, dry DCM, 0°C – rt, 3h, 88%; f) TBAF, THF, 0°C, 1h, 90%; g) BAIB, TEMPO, dry DCM, 0°C – rt, 2h, 88%.
In conclusion, we have achieved a simple, short and efficient total synthesis of somplactone A (30) and B (31) from the PMB protected 3-hydroxypropanal and N-butanoylbornane-10,2-sultam (32) in 52% and 48% overall yields respectively.

Chapter-III

4. Development of new synthetic methodologies

Development of new synthetic methodologies for better performance over the existing ones is an important subject of recent research in Organic Chemistry. These are aimed mainly for selectivity, and mild reaction conditions for the synthesis and conversion of bioactive natural products. Several classical synthetic methodologies involve expensive reagents and catalysts, which are not easily available. To replace all such reagents and catalysts different improved processes have been discovered. These new methodologies area also concerned with the yields and selectivity of the products. Research in this direction has gained immense importance, as newer reagents getting into the field, especially while dealing with sensitive functionalities within the molecule. The newer reagents have high scope for getting recognition in the list of the existing ones in satisfying specific needs.
Recently, we explored lanthanum(III) nitrate hexahydrate as a mild and efficient chemoselective catalyst in various organic transformations, such as chemoselective tetrahydropyranylation of primary alcohols, chemoselective deprotection of acetonides, synthesis of quinazolinones, acetylation of alcohols, phenols, amines synthesis of α-amino nitriles, N-tert-butoxycarbonylation, and N-benzyloxycarbonylation of amines. In the above transformations, it has been observed that the substrates containing other acid labile functional groups such as acetonide, TBDMS ethers, some isopropylidene protected diols and N-tert-Boc protected amines were intact in the presence of La(NO3)3.6H2O.



1. A mild and efficient chemoselective protection of primary alcohols as  
     Pivaloyl esters using La(NO3)3.6H2O as a catalyst under solvent-free       
     Conditions

Primary alcohols are selectively and efficiently protected as their pivaloyl esters with pivaloyl chloride in the presence of catalytic amounts of La(NO3)3.6H2O at room temperature under solvent-free conditions in excellent yields.
Functional group protection strategies are central to target molecule synthesis. The protection of alcohols is an important and useful transformations in organic synthesis. Among the many protecting groups for alcohols, pivaloyl esters are important and common intermediates in natural product synthesis due to their stability and accessibility for easy interconversion. In addition, they also serve as stable protecting group in the synthesis of nucleoside and carbohydrate chemistry. The traditional methods use acid and alcohol in the presence of mineral acids, which are corrosive in nature. Further, modifications of methods have been made with alcohols and acid chlorides in the presence of Lewis acids such as zinc chloride, magnesium, alumina and clay. However, the use of either strongly acidic or basic conditions frequently leads to the formation of undesirable side products competing the reactions, hence mild and chemoselective protection of alcohols is highly desirable.






24 examples
Scheme-10:

In conclusion, we described a mild and efficient and chemoselective method for protection of primary alcohols under solvent-free conditions using La(NO3)3.6H2O is a catalyst. 
2.  A mild and efficient 1,4-addition of thiols to α,β-unsaturated carbonyl compounds using La(NO3)3.6H2O as a catalyst under solvent-free conditions
A mild and efficient 1, 4-addition of thiols to α, β-unsaturated carbonyl compounds in the presence of La(NO3)3.6H2O under solvent-free conditions at room temperature in excellent yields is described.
The 1,4-addition of thiols to α, β-unsaturated carbonyl compounds leading to synthesis of keto sulfides and keto ethers is very important transformation as they are key intermediates in synthesis of various natural products as well as in organic synthesis. Traditionally the addition to α,β-unsaturated carbonyl compounds has been reported with strong bases such as alkali metal alkoxides, hydroxides and amines. In recent years it has been noted that these reactions can also be promoted by Lewis acids viz., Zn(ClO4)2.6H2O, Bi(OTf)3,​​​ InCl3,  Cu(BF4)2, Hf(OTf)3 and FeCl3. However, the use of either strongly acidic or basic conditions frequently leads to the formation of undesirable side products competing the reactions, such as polymerization, self-condensation and rearrangements, which intern decrease the purity and yields of the desired products. In view of current interest in catalytic processes, there is a merit in developing of 1,4-addition of thiols to α,β-carbonyl compounds using inexpensive, mild and non-polluting reagent.




                                                              
16 examples

Scheme-11:

In conclusion the present method has the advantage of mild reaction conditions, inexpensive catalyst with high yields of products, simple experimental work-up procedure and no organic solvent as reaction medium, which makes it useful and important addition to the existing methods.
3.  A Mild and Highly Efficient Synthesis of 3-Pyrrolyl-Indolinones and   
     Pyrrolyl-Indeno[1,2-b]Quinoxalines using BiCl3 as a Catalyst

An efficient synthesis of 3-pyrrolyl-indolinones and pyrrolyl-indeno[1,2-b] quinoxalines is described by the reaction of 4-hydroxyproline with isatin or indeno[1,2-b]quinoxalin-11-one derivatives using bismuth(III) chloride as mild and efficient catalyst in excellent yields.
Pyrrolyl-indolinones and pyrrolyl-indeno-quinoxalines are very important heterocyclic compounds, as they are valuable intermediates for the synthesis of biologically important drugs such as HMG-CoA reductase inhibitors (statins), anti-inflammatory, immunosupressants and anti-tumor agents. The pyrrolyl derivatives are also found in naturally occurring compounds like heme, chlorophyll, and vitamin-B12. Traditionally the synthesis of substituted pyrroles has been reported by Paal-Knorr synthesis. In recent years, the synthesis of substituted pyrroles is described in the literature by the conjugate addition reactions for the synthesis of poly-substituted pyrroles. These compounds can also be prepared from transition metal intermediates, reductive coupling, aza-Wittig reactions, and other multi-step operations. A clay-mediated organic reaction and microwave irradiation method have been used for the construction of substituted pyrroles. However, one pot synthesis of pyrrolyl-indolinones and pyrrolyl-indeno-quinoxalines much less thoroughly investigated. Very recently, Dy(OTf)3/InCl3 or montmorillonite K-10 catalyzed one pot synthesis of 3-pyrrolyl-indolinones and pyrrolyl-indeno[1,2-b]quinoxalines have been reported. 
Organic reactions using reusable and water-tolerant catalyst received much attention in recent years as they can conveniently be handled and removed from the reaction mixture and making the experimental procedure simple and eco-friendly. Bismuth(III) chloride is a relatively nontoxic, inexpensive, insensitive to air and no special care is required and used in various organic transformations as mild and efficient Lewis acid catalyst. Recently we reported, BiCl3 as a mild and efficient Lewis acid catalyst for the synthesis of 2,3-unsaturated glycopyranosides, chemoselective deprotection of acetonides and regioselective ring opening of aziridines with amines. In continuation of our search for chemoselective, mild and water-tolerant Lewis acid catalyst in the multi-step synthesis of natural products, we report here BiCl3 is an inexpensive, mild and non-polluting Lewis acid catalyst in synthesis of pyrrolyl-indolinones and pyrrolyl-indeno-quinoxalines by a simple condensation of isatin or indeno[1,2-b]quinoxalin-11-one with 4-hydroxy proline.





                           14 examples.

Scheme-12:

In conclusion, we report here BiCl3 is an inexpensive, mild and non-polluting Lewis acid catalyst in synthesis of pyrrolyl-indolinones and pyrrolyl-indeno-quinoxalines by a simple condensation of isatin or indeno[1,2-b]quinoxalin-11-one with 4-hydroxy proline.
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